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Abstract

As sandy soils of Egypt are poor in their chemical and physical
properties, their fertilization with chemical or biological fertilizer is es-
sential. The reported greenhouse experiment was conducted, using
sandy soil of Egypt to evaluate the impact of urea fertilizer, applied
alone or combined with nitrification inhibitors (DCD) or (N-Serve) on
(corn yield and N-losses) as compared with inoculation with dry matter
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treatment as soil amendement. Total dry matter was recorded, as well as
N-uptake by corn, and N-recovery due to inoculation with Azotobacter
was determined using N-15 dilution technique. Data obtained indicated
that, application of DCD or N-Serve with urea increased corn dry matter
weight as well as N-15 recovery. Significant increase in N-recovery was
obtained due to nitrification inhibitor application and Azotobacter
inoculation. N-15 losses was reduced to application of DCD and N-
Serve from 45 to 22 and 25%, respectively. Use of biofertilizer and
nitrification inhibitors could play an important role in corn production
in sandy soils, decreasing losses of applied N-fertilizers.

Introduction

organic matter is very important for soil fertility as it improves the
chemical, physical and biological properties of the soil. Egyptian soils
are poor in organic matter content, since the clay soils contains [1-2].
5%. For improving chemical and physical properties of the newely
reclaimed sandy soils, considerable attention was given to application of
soil conditioners [3],and its effect on yield and nutrient uptake.

Application of crop residues specially, wide in C/N ratio to the soil,
increased soil nitrogen by encouraging biological nitrogen fixation and
maintaining dense population of nitrogen fixers [16]. In addition to
organic matter, crops such as wheat, barley and corn inoculated with N-
fixers is considered very useful method to increase crop-productivity
and reduce consumpation of chemical fertilizers. Hegazi et al. [12]
reported that corn inoculated with Azospirilla give yields similar to
those of N-fertilizer ones. Combination of both organic matter
application and inoculation with diazatrophs gave higher yield. Hegazi
et al. [14] found amendment of soil with residues of wheat crop
enhanced the development of N-fixers and nitrogenase activities in the
soil.

When urea labelled with N-15 has been in field trials, the quantities
of fertilizer N lost from the plant-soil system varied. Morghan et al. [20]
reported losses of 13 and 27% in the semi arid tropics of India. Abdel
Monem [14] found 18% losses in the semi arid of syria, while Abdel
Monem and Ryan [2] have shown losses of 17% under the arid
condition of Morocco. In the sandy soils of Egypt, the losses of
nitrogen reached more than 50% [21]. The downward movement of
nitrate beyond root zone is considered threat to water quality [19]. Few
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chemicals were proved to be useful nitrification inhibitor.
Dicyandiamide (DCD) was found to be effective in decreasing N-losses
[3] and [5]. N-Serve is one of the famous compounds in preserving the
applied N through nitrification inhibitor [4].

The objective of this greenhouse experiment was to :

1-study the effect of organic matter applied as wheat straw on
corn yield fertilized with N-15 labelled urea.

2- compare the effect of chemical N fertilizer (urea) with
inoculation with Azotobacter on corn yield and N-uptake.

3- demonstrate how application nitrification inhibitors (DCD of
N-Serve) may affect nitrogen utilization by corn when fertilized with
urea or inoculated with Azotobacter.

Material and Methods

The soil used in this greenhouse experiment was collected from
Inshas area. Analysis for some of its physical and chemical properties
show that, it contains 93, 4.5 and 2.5% sand, silt and clay, respectively,
with PH 7.9 and organic carbon of 0.1%.

Ten kilograms air-dried soil samples were packed in plastic pots
with a light of 40 cm and a diameter of 30 cm. Soil was incorporated
with 1 and 2% of wheat straw to be compared with the control without
wheat straw application. A randomized complete blaok design with three
replications was used. Nitrogen was applied as N-15 labeled urea (3
atom % N-15 excess) at two rate a) labeled urea (120 kg N/acre) with
application of 2% DCD or 2% N-Serve or b) labelled urea (60 kg
N/acre) with application of Azotopacter in addition to 2% DCD or 2%
N-Serve. Efficient strain of Azotobacter chrococcum were supplied by
Agric. Research Center at Giza. Cell suspension of Azorobacter
containing a~out Iu8 cell ml~l was used as a standard inoculum. Corn
seeds were immersed in the suspension for 20 minutes.

Inoculated or non-inoculated seven corn seeds (Hagin 10) were
planted in each pot, thinned later to three plants per pot. Sixty days after
planting, corn shoots were harvested just above the soil surface, dried at
7OoC weighed and ground. Both plant and soil samples collected after
harvest, were prepared and analysed for total-N by the kjeldahl method
[17] N-15 was measured by emission spectrometry . The percentage of
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N derived from fertilizer in plant (% Ndff) was calculated according to
[22] and

percentage of nitrogen derived from air (% Ndfa) was calculated as
follows:

uJ15[o p % N atom excess in inoculated p
% Ndfa = p 1 ( ) p x 100

p % N15 atom excess in uninoculated p

Results and Discussion

Dry Matter Yield

As shown in table (1), dry matter yield of corn was affected by N-
fertilization, as well as nitrification inhibitor and organic matter
application. Although, application of urea to corn, has increased its dry
matter significantly, amendment of the sandy soil with residues of wheat
has also its effect on corn dry matter yield. Regardeless, inoculation with
Azotobacter,application of wheat straw has increased dry matter yield 13
and 22% when was applied at rates of 1 and 2% respectively. Hegazi et
al. [11] explained that, amendment the soil with wheat residues
enhanced the development of diazotrophs and nitrogenase activities in
the soil, which could be reflected on corn yield.

The given data presented in table (I) show an average increase in
dry matter of 32% due to application of DCD as intrification inhibitors
with the urea. Data of Frye et al. [10] show an average increase of 35%
in corn yield as affected by DCD application to urea on the sandy soil
of Florida. N-Serve also has significant effect of corn yield, percentage
increase of 47% in dry matter. Frye et al. [10] explained that yield
response to nitrification inhibitor depends on a number of factors and
their interaction including texture, organic matter and biological activity
of the soil. Abdel Sabour and Addel Monem [4] reported that
effectiveness of DCD and N-Serve was higher in the soil with organic
matter content. Data of table (1) show the effect of organic matter
(wheat straw) on the effectiveness of both DCD and N-Serve on corn
dry matter yield.

Although, nitrogen fertilizer was applied at half dose (60 kg N/
acre), when corn was inoculated with Azotobacter, data of table (1) show
significant increase in dry matter when compared with uninoculated
treatments which had received full dose.
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Table (1): Dry matter yield of corn (gram/plant) as affected by
organic matter, fertilization and inoculation.

Treatment

Fertilizer

Uninoculated
(120kg N/acre)

Average
inoculated
(Azotobacter
+ 60kg N/acre)
Average

Wheat
Straw%

0

1

2

0

1

2

Control

3.41
4.26
4.60
4.09
-

--

--

Urea

4.48
5.60
6.12
5.40
9.17
9.60
10.18
9.65

Urea +

DCD

6.59
8.16
8.69
7.81
9.92

11.51
12.30
1 1.24

Urea +

N-Serve

7.77
7.83
8.27
7.96
8.87
9.72
7.81
7.90

Average

5.56
6.47
6.92
--

7.84
8.77
11.24

L.S.D 0.05
Inhibitor
Organic matter
Inhibitor x O.M

Uninoculated
1.83
1.34
2.45

Inoculated
1.91
1.22
2.46

Irrespective of organic matter application, inoculation of corn with
azotobacter resulted in an increase of 78.7% in dry matter yield as
compared with application of urea only. Hence, Azotobacter was proven
to be effective N-fixer in the experimented sandy soils. Ishac et al. [17]
reported an increase of 46% in wheat dry matter due to inoculation with
Azotobacter. El-Hoseiny and Radie [8] found that bacterization of
maize with Azotobacter tended to stimulate the growth of treated plants
as represented by the increase of root and shoot lengths, fresh and dry
matter weights. Eweda [9] explained that production of thiamin,
nicotinic acid and other compounds of auxin type gives positive effect
on plant growth, in addition to its role in fixing atmospheric nitrogen.

Results of table (1) show that dry matter yield of corn plant was
increased from 3.4 to 10.5 g/plant not only with N-fertilization applied
as urea, but also by better management of the applied fertilizer through
application of nitrification inhibitors (DCD or N-Serve), also by using
Azotobacter as N-fixer in addition to the urea fertilizer.
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N-Uptake:

Results of nitrogen uptake by corn, and effect of different
treatments are presented in table (2). Significant increase in N-uptake
was due to organic matter application as wheat straw. While Hegazi et al.
[13] reported increase of 149% in total N content due to application of
straw to corn, our results show an average increase of 33.9 and 57.3% as
wheat straw was applied at rate of 1 and 2% to uninoculated corn. For
the inoculated corn, the above mentioned values were 19.4 and 29%,
respectively.

Although the rates of increase in N-uptake by inoculated corn were
than those of uninoculated, the absolute values were different.
Simultaneous Azotobacter inoculation and straw amendment exerted the
most favourable conditions for higher N content in corn. N-uptake was
increased 124.4% due to inoculation and application organic matter at
rate of 2% when compared with N-uptake by uninoculated corn grown
in soil not treated with organic matter. Hegazi et al. [13] explained that,
combination of N-fixers and organic matter resulted in favourable
conditions for N-fixation due to increase in nitrogenase activity leading
to greater biological nitrogen fixation. Ishac et al. [17] reported that
organic substance of wide C/N ratio favour higher rates of fixation.

Application of both nitrification inhibitors (DCD or N-Serve)
resulted in an average increase of 28 and 10% in N-uptake by corn
respectively. In different study using N-15, Abdel Monem et al. [3]
reported that addition of DCD to urea resulted in significant increase in
N-uptake by corn planted in study soil.

Application of wheat straw as an organic amendment in addition to
inoculation with Azotobacter and use of nitrification inhibitor had
significant effect on nitrogen accumulation in corn plant. As shown in
table (2), N-uptake was increased from 137.1 mg N/plant when fertilizer
with urea alone to maximum of 492 mg N/plant as corn was inoculated
with Azotobacter, fertilized with urea+DCD and amended with 2% wheat
straw.

Nitrogen fixation:

Using of N-15 labelled urea, made it possible to quantify the
amount of atmospheric nitrogen fixed by plants as inoculated with
Azotobacter. Data presented in table (3) show that, nitrogen fixation
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Table (2): Nitrogen uptake (mg N/plant) by corn as affected by
orgnic matter, fertilization and inoculation.

Treatment
Fertilizer

Uninoculated
(120kg N/acre)

Average
inoculated
(Azotobacter
+ 60kg N/acre)
Average

Wheat
Straw %

0

1

2

0

1

2

Control

83.9
123.0
140.3
1 15.8
-

--

--

Urea

137.1
200.5
231.3
189.6
328.3
384.0
412.3
374.9

Urea +

DCD

199.0
279.1
338.0
272.0
387.9
471.9
492.0
450.6

Urea +
N-Serve

273.0
280.2
324.0
280.5
345.0
388.8
430.3
338.0

Average

164.3
220.7
258.4
--

286.3
341.9
368.7

L.S.D 0.05
Inhibitor

Organic matter
Inhibitor x O.M

Uninoculated
41.3
45.6
50.3

Inoculated
54.2
56.2
61.1

contributed significant amount to total nitrogen content of corn, it
ranges between 63 and 132 mg N/plant which represent percentage
between 13 and 20 of the total N in corn plant. Ishac et al. [18] reported
that inoculating wheat with Azotobacter resulted an average of 10%
nitrogen fixation when estimated using N-15 technique, results of table
(3) indicate that application of organic matter as wheat straw resulted in
higher nitrogen fixation, this may be due to increasing in nitrogenase
activity due to addition of wheat straw [13]. Inoculating corn with
Azotobacter, not only reduced application of urea fertilizer (half dose),
but also resulted in increase in nitrogen fixation by corn. Application of
organic matter and inhibitors had additional effect on amount of
nitrogen fixation.
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Table (3): Nitrogen fixation (mg N/plant) by corn as inoculated
by Azotobacter and fertilized with 60 kg N/acre.

Treatment % wheat straw

Azotobacter + urea
Azotobacter + urea + DCD
Azotobacter + urea + Serve

0
63.0
78.7
71.0

1
87.0
132.0
99.5

2
92.9
88.9
91.3

N-15 Recovery by Plant

The rate of nitrogen plant recovery from the applied N-15 labelled
fertilizers is shown in Fig.(l). Results indicate that, application of
nitrification inhibitors increased nitrogen recovery by plant. When
averaged all organic matter treatments, application of inhibitors caused
plant recovery to increase from 29% when uninoculated corn was
fertilizer with urea to 49 and 45%, as it was treated with urea + DCD and
urea+ N-Serve, respectively. Corresponding values for corn inoculated
with Azotobacter were 52% for urea and 69 and 56% for urea + DCD
and urea + N-Serve, respectively. Although inoculated corn was
fertilized with only half the N-rate, data revealed that, inoculation with
Azotobacter resulted in significant increase in percentage of nitrogen
recovered by corn plants. Ishac et al. (18), using N-15 labelled
ammonium nitrate with wheat planted in sandy soil, obtained similar
results. The high plant recovery due to application of organic matter
and inoculation with Azotobacter and/or application of inhibitors
suggestes the importance of alternative management for nitrogen
fertilization.

N-Losses:

The extensive loss of applied N-15 labelled urea (Fig.2) is the
obvious major cause of the poor recovery of applied nitrogen by corn
plants. Losses from urea was reduced from 45%, as urea was applied
alone to 22 and 25%, when urea+DCD and urea + N-Serve were applied,
respectively. Amberger and German-Bauer [6] reported that, losses due
to nitrate leaching was reduced as much as 50% using urea + DCD.
Although inoculation with Azotobacter increased nitrogen recovery by
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plant, its control on nitrogen losses tends to be low. Results show that
with regard to N-losses, nitrification inhibitors are more effective in
reducing losses from N fertilizers, which has positive environmental and
environmental impacts.
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Fig.l. Recovery of applied N-15 in corn plant as affected by
organic matter and inoculation with azotobacter
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